Several antibiotics reduced growth of bacteria without killing them when present in the range of concentrations of significance in assaying. The reduction in growth rate was linearly related to concentration of antibiotic. From this fact may be derived an equation of the form log N = A -BC where N is the concentration of bacteria at the end of the incubation period, C is the concentration of antibiotic, and A and B are constants. This equation is used to guide the selection of the best range of concentrations of unknown for assay and to show the large influence of variations of temperature upon an assay.
The photometric (or turbidimetric) method of assay for antibiotic substances, in contrast to the diffusion method, has a rudimentary and inadequate theoretical basis. The log-probability plot, as introduced by Treffers (7) in 1956, provides an empirical relationship between concentration of antibiotic substance and observed growth of the organism, as measured by uncorrected opticaldensity units. A slight modification of this plot is valuable in characterizing antibiotics and in investigating the factors influencing antibacterial activity. Families of antibiotics, e.g., the penicillins, form parallel lines with spacings inversely proportional to the specific activities. Examples of the log-probability plot for several antibiotics are given in an earlier publication (6) . The expression is more useful for characterizing than for routine assay. Lack of a theoretical basis derived from the kinetics of the interaction of organism and antibiotic is a defect in the log-probability relation.
An equation with a better foundation is needed to guide the development and evaluation of turbidimetric assays.
Photometric measurements (5) indicated that a penicillin and erythromycin reduced the growth rate of Staphylococcus aureus in proportion to concentration of antibiotic. Hopps et al. (4) , who used optical density as a measure of growth, stated that the slope of the growth curve of Escherichia coli obtained in the presence of chloramphenicol bears an inverse relation to chloramphenicol concentration. The elegant work of Garrett and students (1-3), who followed by direct counts the growth of E. coli in the presence of chloramphenicol and tetracycline, showed that the generation rate constant was linearly dependent upon antibiotic concentration for ranges considerably larger than those encountered in assaying. They also showed that the viable count and total count (Coulter counter) were the same.
The following assumptions will be made in devising a new equation relating turbidity and concentration of antibiotic substance: (i) The lag period is zero or the same for all concentrations of antibiotic. (ii) The incubation conditions are identical for all tubes in an assay. (iii) The bacteria in all tubes are growing in the log phase when incubation is terminated, and the generation rate constant in the individual tube is constant throughout the incubation. (iv) The apparent growth rate constant is a linear function of antibiotic concentration.
Increase in numbers of bacteria in the log phase may be represented by N = Noekt (1) where N. is the concentration of cells at the beginning of log-phase growth which is assummed to start at the time of t = 0. In the presence of an antibiotic of concentration C, k = ko -kaC where ko is the generation rate constant in the absence of the antibiotic, and ka is an inhibitory coefficient. In assay work, C is small enough so that k is positive, i.e., no kill. Therefore Because the bacteria in all of the tubes are killed at the same time, t is constant (assumption 2, above). The direct counts of Garrett and Miller (2) fit equation 3, and numbers derived from photometric measurements approximate equation 3 ( Fig. 1) . The photometric data do not give a perfect fit because assumption 3 is violated, and even photometric measurements corrected for nonlinear response of the photometer are not necessarily strictly proportional to the concentration of bacteria. A graph of log (optical density) against amount of antibiotic added to the tube is used in routine assaying; correction of the data for instrument response is unnecessary. Investigative work is better done with the numbers obtained after converting photometer response to relative concentration of bacteria.
There is a limit in practice to the value of N when C = 0 that should not be exceeded if the linear relation is to hold. This limit is determined by the nutritive qualities of the medium, including the buffer capacity. There seems to be a lower limit to the incubation time that gives an acceptable assay for certain antibiotics. The incubation time of a penicillin assay should afford at least three generations of the bacteria in the zero (no antibiotic) tube. Usually the inoculum level is chosen so that the incubation period is 3.5 to 4 hr at 37.5 C. Doubling the inoculum will reduce the maximal time by about one generation time. Since the generation times are different in the zero tube and antibiotic tube, the inoculum must An error in t (between standards and samples) causes an error in P which is reflected as an error in C. An example will show the size of the error to be expected in C when the error in t is only 1 min. The equation for an erythromycin assay was log P = 2 -0.218 Ct where t = hr and C = ,ug/ tube. In P -2.3 log P = 4. The calculations concerning time show that all tubes of standard and samples must be handled as nearly alike as is possible in a batch process. One of the advantages of a continuous operation is the identity of the time course of events.
The availability of an equatioti with a theoretical basis permits rational selection of the best region of the dose-response curve to use in assay ing unknowns and in computation of errors caused by errors in measuring turbidity.
In an assay, N., t, ko, and ka are constants.
Therefore equation 2 may be written in the natural logarithmic form InN =A -BC (6) where C is the amount of antibiotic per tube or some other convenient expression Lf antibiotic concentration in the assay broth and B is a constant. An equation relating the error, AC, in C caused by an error AN may be derived from equation 6 by standard methods to be
Thus the relative error in C is independent of the slope, B, of the dose response line and is nearly proportional to the relative error in N. For a fixed error in N, the error in C will decrease with increase in the value of N. Errors in measuring N can be a constant error or a proportional error and in an actual measurement is an unknown mixture of the two types. Therefore, the two types of errors must be considered separately. A standard curve (Fig. 1) 
